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Neuromuscular blocking agents (NMBAs) might diminish the electromyography signal of the
vocalis muscles during intraoperative neuromonitoring of the recurrent laryngeal nerve. The aim
of this study was to compare differential sensitivity of different muscles to succinylcholine in a
swine model, and to realize the influence of NMBAs on neuromonitoring. Six male Duroc–Landrace
piglets were anesthetized with thiamylal and underwent tracheal intubation without the use of
an NMBA. The left recurrent laryngeal nerve, the spinal accessory nerve, the right phrenic nerve
and the brachial plexus were stimulated. Evoked potentials (electromyography signal) of four
muscle groups were elicited from needle electrodes before and after intravenous succinylcholine
bolus (1.0 mg/kg). Recorded muscles included the vocalis muscles, trapezius muscle, diaphragm
and triceps brachii muscles. The onset time and 80% recovery of control response were recorded
and analyzed. The testing was repeated after 30 minutes. The onset time of neuromuscular block-
ing for the vocalis muscles, trapezius muscle, diaphragm and triceps brachii muscle was
36.3 ± 6.3 seconds, 38.8 ± 14.9 seconds, 52.5 ± 9.7 seconds and 45.0 ± 8.2 seconds during the first
test; and 49.3 ± 10.8 seconds, 40.0 ± 12.2 seconds, 47.5 ± 11.9 seconds and 41.3 ± 10.1 seconds during
the second test. The 80% recovery of the control response for each muscle was 18.3 ± 2.7 minutes,
16.5±6.9 minutes, 8.1±2.5 minutes and 14.8±2.9 minutes during the first test; and 21.5±3.8 minutes,
12.5 ± 4.3 minutes, 10.5 ± 3.1 minutes and 16.4 ± 4.2 minutes during the second test. The sensitivity
of the muscles to succinylcholine, ranked in order, was: the vocalis muscles, the triceps brachii
muscle, the trapezius muscle and the diaphragm. We demonstrated a useful and reliable animal
model to investigate the effects of NMBAs on intraoperative neuromonitoring. Extrapolation of
these data to humans should be done with caution.
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Recurrent laryngeal nerve (RLN) palsy is the most
common serious complication after thyroid opera-
tions. Intra-operative neuromonitoring (IONM) of the
RLN has gained popularity for prevention of RLN
injury during thyroid operations [1–3]. IONM can be
used to localize and identify the RLN, elucidate the
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mechanism of RLN injury during the operation [3,4],
and predict the outcome of vocal function after thyroid
resection. During general anesthesia, neuromuscular
blocking agents (NMBAs) are commonly adminis-
tered to achieve complete relaxation of the laryngeal
and diaphragm muscles, and good intubation con-
ditions. The ultra-short-acting paralytic agent, suc-
cinylcholine, has been recommended to facilitate
accurate placement of the electromyography (EMG)
endotracheal tube for IONM [5]. However, its effects
on EMG of target muscles during IONM remain
unclear.
The time course and potency of NMBAs differ in
the laryngeal and diaphragm muscles, as compared
with the adductor pollicis (AP) [6,7]. In most human
studies, the respiratory muscles (e.g. diaphragm) and
muscles supplied by the cranial nerves (e.g. the laryn-
geal muscles) have been reported to be more resistant
to NMBAs than are the peripheral muscles (e.g. AP)
[6–12]. The recovery of neuromuscular transmission of
the diaphragm and laryngeal muscles has been shown
to be faster than the AP muscle. In clinical practice,
the AP muscle is supposed to be the most sensitive
muscle to NMBAs, and its recovery has been shown to
be the slowest among all the muscles for which data
are currently available. Therefore, the recovery of neu-
romuscular transmission of the AP muscle is generally
considered to have taken place when respiratory and
airway protective reflexes are regained [13].
However, there have been no studies that have
directly and simultaneously monitored neuromuscular
transmission obtained from the EMGs of respiratory,
cranial-nerve-supplied and peripheral-nerve-supplied
muscles, because it is ethically impossible to introduce
needle electrodes directly into the targeted muscles of
human subjects. The aim of the present study was to
compare the differential sensitivity of the laryngeal,
diaphragm and peripheral muscles to succinylcholine
injected directly and simultaneously, by observing
EMG amplitude changes in a swine model, and to set
up a reliable animal model for investigation of the
influence of NMBAs on neuromonitoring.
METHODS
EMG data were collected from six Duroc–Landrace
piglets obtained through the Department of Pharmaco-
logy, Kaohsiung Medical University. The experiments
were approved by the Kaohsiung Medical University
Institutional Animal Care and Use Committee (IACUC
Approval No: 97146). Six 2-month-old male piglets,
weighing 18–20kg, were fasted for 8 hours but allowed
water before the experiments.
Anesthesia was induced with intravenous thiopen-
tal (10 mg/kg), then a 6.0# Nerve Integrity Monitor
(NIM) EMG Endotracheal Tube (Medtronic Xomed,
Jacksonville, FL, USA) was inserted by the same anes-
thesiologist. The tube was placed with the middle of
the exposed electrodes in contact with the true vocal
cords under direct laryngoscopy. General anesthesia
was maintained with 1–2% sevoflurane in oxygen and
the piglets were control-ventilated. Physiological indi-
cators including electrocardiography, oximetry and
end-tidal CO2 were continuously monitored. A mid-
line vertical cervical incision was made for exposure of
the larynx and left RLN. The left spinal accessory nerve
(SAN) and the left trapezius muscle were exposed
through an incision in the left neck. The phrenic nerve
and brachial plexus were exposed through an incision
in the right neck. The diaphragm was exposed by
another incision in the upper abdomen.
A Prass monopolar probe (Medtronic Xomed) was
used in direct contact with the exposed nerve for nerve
stimulation. Stimuli were generated from the NIM-
Response 2.0 monitor for RLN, SAN, phrenic nerve
and brachial plexus stimulation. The stimulation
level was set at 2.0 mA. Control EMG signals were
recorded in bipolar fashion. A pair of subdermal nee-
dle electrodes (Ref. 82-27103; Medtronic Xomed) was
passed through the thyroid cartilage into the bilateral
vocalis muscles for a direct EMG recording. Another
two pairs of subdermal needle electrodes were inserted
directly into the belly of the trapezius muscle and the
right hemi-diaphragm. The fourth pair of needle elec-
trodes was inserted transcutaneously into the belly 
of the triceps brachii muscle. The NIM-response 2.0
monitor was set to run with a 50-millisecond time
window and an amplitude scale at 200 μV per divi-
sion. Event capture was activated with a threshold of
100 μV. The EMG activity of the four muscles was
amplified and simultaneously recorded manually
with a gated EMG amplifier, using a latency of 2 mil-
liseconds and a window of 10 milliseconds for all
muscles. Peak-to-peak amplitudes of evoked EMG
activities were directly read on the monitor screen.
Stable baseline EMG amplitudes for 2 minutes were
considered as an acceptable quality of EMG signal.
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Once stable baseline EMG amplitudes were estab-
lished, a bolus of study drug (1 mg/kg succinylcholine
each) was delivered intravenously within 5 seconds.
EMG amplitude measurements were made immedi-
ately on completion of study drug administration
and repeated at 10-second intervals for 30 minutes.
EMG amplitudes were measured simultaneously
from the vocalis muscles, the trapezius muscle, the
diaphragm and triceps brachii muscle. The same testing
procedures were repeated after a 30-minute wash-
out period. The onset time and recovery time of suc-
cinylcholine were recorded and analyzed. The onset
time was defined as the time period from the start of
injection until 95% suppression of the baseline EMG
amplitude [14]. The recovery time was defined as 
the return to stability between 80% and 120% of the
control response (baseline EMG amplitude). A slower
recovery from neuromuscular block was considered
as more sensitive to an NMBA. The testing was
repeated after a 30-minute wash-out period. The
Mann–Whitney U test was used for non-parametric
data (EMG amplitudes, onset time and recovery time).
Data were presented as mean± standard deviation.
A p value<0.05 was considered statistically significant.
RESULTS
Baseline EMG amplitudes from the first and second
tests recorded directly from the four muscle groups
are shown in Table 1. Baseline EMG amplitudes of
the second test were comparable to the first test
(Table 1). The onset time of neuromuscular blocking
for each muscle during the first and second test are
compared in Table 2. The onset time for the vocalis
muscles was prolonged at the second test (49.3 ± 10.8
sec vs. 36.3 ± 6.3 sec; p < 0.05). The time to 80% recov-
ery of the control response for each muscle is shown
in Table 3, and no significant difference was found
between the two tests.
The recovery profile of neuromuscular transmis-
sion for the four studied muscles after succinylcholine
administration was is demonstrated in Figures 1 and 2.
Both the first and second tests showed similar time
Table 1. Baseline electromyography amplitude from four studied muscle groups
First test EMG amplitude (μV) Second test EMG amplitude (μV) p
Vocalis muscles 3,110 ± 1,411 4,001 ± 1,021 NS
Trapezius muscle 6,626 ± 2,393 5,921 ± 1,959 NS
Diaphragm 3,170 ± 704 2,979 ± 960 NS
Triceps brachii muscle 4,433 ± 1,141 4,832 ± 1,140 NS
EMG = electromyography; NS = not significant, p > 0.05.
Table 2. Onset time of succinylcholine in the four studied muscle groups
First test onset time (sec) Second test onset time (sec) p
Vocalis muscles 36.3 ± 6.3 49.3 ± 10.8 0.03
Trapezius muscle 38.8 ± 14.9 40.0 ± 12.2 NS
Diaphragm 52.5 ± 9.7* 47.5 ± 11.9 NS
Triceps brachii muscle 45.0 ± 8.2 41.3 ± 10.1 NS
*p < 0.05, when compare to vocalis muscles. Onset time = time from succinylcholine injection to > 95% depression of electromyography
amplitude; NS = not significant, p > 0.05.
Table 3. Recovery time of succinylcholine in the four studied muscle groups
First test recovery time (min) Second test recovery time (min) p
Vocalis muscles 18.3 ± 2.7 21.5 ± 3.8 NS
Trapezius muscle 16.5 ± 6.9 12.5 ± 4.3* NS
Diaphragm 8.1 ± 2.5* 10.5 ± 3.1* NS
Triceps brachii muscle 14.8 ± 2.9 16.4 ± 4.2 NS
*p < 0.05, when compared with vocalis muscles. Recovery time = 80% recovery of electromyography amplitude from baseline response;
NS = not significant, p > 0.05.
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courses, and the four studied muscles all showed com-
plete recovery of neuromuscular transmission in the
first and second tests. The diaphragm was the fastest
muscle and the vocalis muscle was the slowest to
recover from neuromuscular block during the first
and second tests (Figures 1 and 2). The average EMG
amplitude recoveries during the two tests did not
differ significantly.
DISCUSSION
IONM as a surgical adjuvant assists in identifying
nerves and predicting vocal cord function. The most
common technique of RLN monitoring during thy-
roid operations is EMG recording. Most studies con-
sistently have revealed a high negative predictive
value (NPV) of 92–100% and a low, highly variable
positive predictive value (PPV) of 10–90% for RLN
monitoring [15,16]. The present study has produced
some paradoxical results, as have most human stud-
ies on the effects of NMBAs on neuromuscular moni-
toring. Several studies have reported faster recovery
from neuromuscular blocking by the vocalis muscles
(cranial-nerve-innervated) than by the extremity mus-
cles. In humans, different NMBAs at different doses
can have variable onset times and recovery patterns
in different muscles. Wright et al [12] evaluated the
onset and duration of the effect of NMBAs at a range
of doses on the larynx and AP muscle, and compared
them with those of succinylcholine.
In clinical practice, an extra dose of NMBA for
adequate muscle relaxation or an unintentional bolus
might be possible, but this could interfere with the
IONM of the RLN. Therefore, a second test after a 
30-minute interval (exceeding 10-minute duration 
of succinylcholine) could be a reasonable model to
investigate this scenario. In the present study, the
effect of residual neuromuscular block was impor-
tant in the second test. An ultra-short-acting NMBA
(succinylcholine) was used; therefore, a 30-minute
washout interval was sufficient for complete recov-
ery from neuromuscular blocking, from a pharmaco-
logical viewpoint. Furthermore, the recorded EMG
amplitudes should have been lower in the second
test than the baseline of the first test due to incom-
plete EMG recovery from the residual neuromuscu-
lar blocking. Our results showed that the baseline
EMG amplitudes of the second test were comparable
to those of the first test.
It is important to monitor neuromuscular func-
tion during and at the end of the operation, prior to
emergence from anesthesia. Several methods, such 
as acceleromyography (AMG), mechanomyography
(MMG) and EMG, have been reported as useful meth-
ods to monitor the degree of relaxation of a given
muscle [14]. AMG measures acceleration of a given
end organ (e.g. the thumb) when moved by the AP
muscle. It is related to the actual force by the formula:
force = mass × acceleration [17]. AMG is easy to apply,
can be used with data processing devices and is rela-
tively inexpensive. At present, AMG is the most com-
mon monitoring method that is commercially available
to measure neuromuscular function objectively in rou-
tine clinical settings [14,18]. However, its use at mus-
cles other than the AP is limited, and it cannot be
used at the larynx or the diaphragm.
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Figure 1. Recovery profile (time course) of succinylcholine in
four studied muscles: first test. VM = vocalis muscles; TM =
trapezius muscle; D = diaphragm; TBM = triceps brachii muscle.
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Figure 2. Recovery profile (time course) of succinylcholine in
four studied muscles: second test. VM = vocalis muscles; TM =
trapezius muscle; D = diaphragm; TBM = triceps brachii muscle.
In general, EMG has been evaluated for most mus-
cle sites of interest in research and clinical practice,
such as the larynx, diaphragm and the AP muscles.
AMG and EMG results recorded on the same limb have
been published by Kopman et al [19]. They reported
overestimation of AMG Train-of-four (TOF) values
compared with EMG TOF. Our results were obtained
by EMG, which is more reliable than AMG and this
might explain the discrepancy with most human stud-
ies. EMG is as a more accurate method and is prefer-
able for research; whereas AMG is a simple and stable
method that is preferable for routine clinical practice.
Differential sensitivity was demonstrated in our
studied muscles, including the vocalis muscles, the
trapezius muscle, the diaphragm and the triceps brachii
muscle; these muscles represent the laryngeal mus-
cles, the cranial-nerve-supplied muscle (SAN), the res-
piratory muscle and the peripheral-nerve-supplied
muscle (brachial plexus), respectively. There was a
consistent and reproducible response in recovery time
between individual piglets and from repeated tests.
The recovery time after administration of succinyl-
choline can be ranked in order as follows: the
diaphragm (8.1 minutes), the triceps brachii muscle
(14.8 minutes), the trapezius muscle (16.5 minutes)
and the vocalis muscles (18.3 minutes) during the
first test. The recovery time can be ranked in order as
follows: the diaphragm (10.5 minutes), the trapezius
muscle (12.5 minutes), the triceps brachii muscle
(16.4 minutes) and the vocalis muscles (21.5 minutes)
during the second test. The diaphragm was the most
resistant muscle to succinylcholine, and the vocalis
muscles were the most sensitive to succinylcholine
during the two repeated tests.
Species difference might be another potential cause.
Shi et al [20] compared EMG amplitude changes in
extremity and laryngeal muscles after vecuronium
administration in a swine model, and they have re-
ported similar results to the present study; the extrem-
ity muscles were more resistant to vecuronium than
were the laryngeal muscles. Besides, the different
methods to monitor neuromuscular transmission of
the AP (AMG) and the laryngeal (EMG or MMG)
muscles in most studies might be another cause.
In most human studies, recovery of neuromuscu-
lar transmission at the end of surgery is best reflected
in the peripheral muscles (i.e. the AP muscle), where
neuromuscular function recovers later than in the
diaphragm and laryngeal muscles [21–23]. Therefore,
safe extubation conditions should be attained when
neuromuscular transmission has completely recovered
at the peripheral muscles [24]. In the present study,
neuromuscular function recovery of the peripheral
muscles was later than that of the diaphragm, but it
was faster than that of the laryngeal muscles.
There were some limitations to the present piglet
study. First, the statistical analysis was hard to perform
due to the small sample size, but there was a certain
level of reproducibility in each datum. Individual
EMG amplitude alteration profile showed the fastest
and slowest recovery took place in the diaphragm and
laryngeal muscles, respectively. Baseline EMG ampli-
tude of each studied muscle during the first and sec-
ond tests did not differ significantly. Therefore, the
results showed a consistent tendency rather than ran-
dom phenomena in piglets. Second, a rapid onset of
succinylcholine action might make the study model
suitable for measurement of recovery profile rather
than onset time. Although the onset of neuromuscu-
lar blocking of the vocalis muscles in the first test was
shorter than in the second test, most tested muscles
showed an onset time within 1 minute during both
tests. This might reduce the significance of onset time
between each muscle and test. Finally, other NMBAs
with different doses should be studied using same
animal model, and the study should also be done
with different animal models.
In conclusion, the four studied muscles had differ-
ential sensitivity to succinylcholine. The sensitivity to
succinylcholine can be ranked in order as follows: the
vocalis muscles, the triceps brachii muscle, the trapez-
ius muscle and the diaphragm. The diaphragm spar-
ing of depolarizing NMBAs was confirmed in the
study. Contrary to most human studies, in the swine
model, peripheral muscles were more resistant to
succinylcholine than were the vocalis muscles. We
demonstrated a useful and reliable animal model for
pharmacological research that could provide better
understanding of the influence of NMBAs on neu-
romonitoring. However, extrapolation of these data
to humans should be done with caution.
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術中神經監測喉返神經時肌肉鬆弛劑會減弱聲帶肌肉肌電圖電位訊號，本研究目的是
比較各種肌肉群對同一種神經肌肉阻斷劑是否有不同的敏感度，並建立一個可靠的肌
肉鬆弛劑之研究動物模型。豬隻在未使用肌肉鬆弛劑下進行氣管插管與全身麻醉，找
出目標神經及其支配的肌肉後，分別施以誘發電位，紀錄給予肌肉鬆弛劑
succinylcholine（1 mg/kg）前和後的肌電圖變化，第一次給予後 30 分鐘後再給予第二
次的劑量並紀錄肌電圖變化。結果顯示聲帶肌肉、斜方肌、橫膈肌與肱三頭肌，第一
次作用起始時間分別為 36.3 ± 6.3秒 , 38.8 ± 14.9秒 , 52.5 ± 9.7秒 與 45 ± 8.2 秒，
第二次作用起始時間分別為 49.3 ± 10.8秒 , 40.0 ± 12.2秒 , 47.5 ± 11.9秒 與 41.3 
± 10.1 秒，第一次注射後達到 80% 肌電圖電位恢復的時間分別為 18.3 ± 2.7分鐘 , 
16.5 ± 6.9分鐘 , 8.1 ± 2.5 分鐘與 14.8 ± 2.9 分鐘，第二次注射後達到 80% 肌電圖
電位恢復的時間分別為 21.5 ± 3.8分鐘 , 12.5 ± 4.3分鐘 , 10.5 ± 3.1 分鐘與 16.4 ± 
4.2 分鐘。四個部位的肌肉對 succinylcholine以聲帶肌肉最敏感，依序是肱三頭肌、斜
方肌，最後是橫膈肌。研究中也建立一套探討肌肉鬆弛劑對術中神經監測影響的動物
模式。
關鍵詞：肌電圖，術中神經監測，肌肉鬆弛劑，succinylcholine
（高雄醫誌 2010;26:640–6）
